The hormonal regulation of hepatic carbohydrate metabolism has been intensively investigated in rats by using both the perfused liver and isolated hepatocytes. Major metabolic differences have been shown to exist between rats and chickens. For example, avian liver has a low glycogen store and it is the major site of lipogenesis. Evidence from several laboratories has also suggested that avian species respond differently to pancreatic hormones compared with mammals (see reviews by Langslow & Hales, 1971 ; Hazelwood, 1973). The present study seeks to investigate the hormonal control of carbohydrate metabolism in isolated hepatocytes prepared from chicken liver.
The hormonal regulation of hepatic carbohydrate metabolism has been intensively investigated in rats by using both the perfused liver and isolated hepatocytes. Major metabolic differences have been shown to exist between rats and chickens. For example, avian liver has a low glycogen store and it is the major site of lipogenesis. Evidence from several laboratories has also suggested that avian species respond differently to pancreatic hormones compared with mammals (see reviews by Langslow & Hales, 1971 ; Hazelwood, 1973) . The present study seeks to investigate the hormonal control of carbohydrate metabolism in isolated hepatocytes prepared from chicken liver.
Isolated hepatocytes have the advantage of cell homogeneity over perfused liver and free access of hormones and substrates to the cell surface. This allows several different experimental conditions to be studied with a single preparation of cells. One of the main problems is the possible damage to the cell surface by trypsin-like contaminants of the crude collagenase preparations. Batches of collagenase vary in their effects and some may disrupt the membrane receptor and abolish a hormonal response (Johnson et al., 1972) . The results reported here show that hormonal sensitivity is retained by chicken hepatocytes and that the preparation can reproduce several functions of normal liver (Dickson & Langslow, 1975) .
Isolated chicken hepatocytes were prepared as described by Dickson & Langslow (1975) . The yield was about 6 x lo7 cells/g wet wt. of liver and more than 85 % of the cells excluded Trypan Blue. Cells from starved chickens were consistently more fragile than those from fed birds. There was some variation in the quantitative response (but not the qualitative effects) of different batches of cells, due both to variations between chickens and batches of collagenase, and the proficiency of the preparative procedure. Hepatocytes from fed birds, prepared in the absence of added substrates, had an average of 6Opg of glycogen/106 cells after preparation and they released glucose into the medium during incubation. Hepatocytes from starved birds contained very little glycogen (4pg/106 cells) and endogenous glucose release was very low. Cells isolated from 24 hstarved chickens synthesized glucose from added lactate (0.5-20m~). This was chosen as substrate as both cytosolic and mitochondria1 enzymes are involved in the response and because it produced the largest gluconeogenic response from four substrates tested (lactate, pyruvate, alanine and glycerol) with chicken hepatocytes. Lactate ( 5 m ) produced a 360% stimulation of basal glucose release after 30min in 24h-starved chickens.
Glucagon increased endogenous glucose release from hepatocytes from fed chickens by 13% at 0.29n~-glucagon, and maximal stimulation was obtained at 2 9 0 n~ (140%) after 30min. Hepatocytes of fed birds showed increased glycogen degradation which correlated with the increase in glucose release. Cells from starved birds did not respond to glucagon in the absence of exogenous substrate. When lactate (0.5-20m~) was added, glucagon ( 2 . 9 n~) stimulated glucose production by 59 :4 over the stimulation produced by lactate alone. No differences were observed in the response and sensitivity to glucagon of hepatocytes prepared from fed and starved chickens. Glucagon ( 2 9 0 n~) increased the cyclic AMP content of the cells 20-fold, and the metabolic actions of glucagon were mimicked by dibutyryl cyclic AMP ( 2 -2 0~~) in both fed and starved hepatocytes ( Table I ). The maximal effects of glucagon and dibutryl cyclic AMP were not additive (Table 2) .
Adrenaline (5-500n~) was also found to stimulate glycogenolysis and gluconeogenesis. Glucose production caused by maximally stimulating concentrations of adrenaline was not additive to production caused by maximally stimulating concentrations of glucagon or dibutyryl cyclic AMP. These findings in chickens contrast with Tolbert & Fain's (1974) in rat hepatocytes. They found an additive effect of maximally effective concentrations of adrenaline and glucagon, which suggested that those hormones were acting through different mechanisms.
Insulin (0.17-170n~) has no effect on glucose release (Table 1) or glycogen deposition in hepatocytes from fed or starved chickens in the presence or absence of lactate as precursor. Insulin exerted no effect on the response of hepatocytes from fed or starved birds to glucagon (0.29-290n~), adrenaline (5-500n~) or dibutryl cyclic AMP ( 2 -2 0 ,~~) in thepresenceor absenceoflactate(Table2). Thusavianhepatocytesappearto be insensitive to the action of insulin, in contrast with rat hepatocytes (Johnson et al.,
1972; Wagle et al., 1973).
Insulin is present in chickens, but other results have suggested that insulin in chickens Glycogen metabolism is considered to be regulated by the activities of the a forms of glycogen synthase and phosphorylase. Among other factors, the concentration of circulating blood glucose controls the activities of these two enzymes. It has been shown in experiments in oivo (De Wulf & Hers, 1967; Stalmans et al., 1974) , isolated perfused liver (Buschiazzo et al., 1970; Glinsmann et al., 1970) and isolated hepatocytes (Walli et al., 19746) that high glucose concentrations increase the activity of glycogen synthase a and lower the activity of phosphorylase a. Since these glucose concentrations greatly exceed that of the circulating glucose, we investigated whether these same effects could be elicited by near-physiological concentrations. All experiments were performed on fed rats. The perfusion technique and the methods for the assay of enzyme activities, glycogen content and metabolites have been described previously (Schimassek, 1963; Walli et a/., 1974~) . Livers from fed rats were perfused with medium containing a n initial glucose concentration of 2-3 mM. After an equilibration period of 60min, the glucose concentration in the medium was between 7 and 9 m~. Additional glucose ( 5 -8 m~) was then added to the medium. Samples of liver were then taken at various time-intervals for the measurement of enzyme activities and liver glycogen. At 5 min after addition of glucose, the activity of liver phosphorylase a was lowered by about 58 % and that of glycogen synthase a increased (Table 1) . After lOmin the lowest activity of phosphorylase a was observed, whereas that of glycogen synthase a had increased nearly twofold. However, after 60min the enzyme activities had returned to their normal values. The glucose concentration at 10 and 60min after the addition of glucose did not change significantly; also no appreciable changes in the glycogen content in the liver were noted. Thus even though glucose significantly alters the activities of phosphorylase a and glycogen synthase a, it does not bring about net glycogen synthesis.
We have previouslysuggested (Walli etal., 1974a) that theactual content and the molecular configuration of the glycogen in the liver may play an important role in glycogen synthesis. If livers have a low initial glycogen content or if they are first subjected to glycogenolysis by mild hypoxia, glucagon or adrenaline treatment to lower the glycogen content, and then perfused with fructose or sorbitol (500,~mo1/60min infused in
